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(54) NONAQUEOUS ELECTROLYTE SECONDARY BATTERY AND MANUFACTURING 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a nonaqueous electrolyte 
secondary battery with improved thermal stability, a load property, and a 
charging/discharging property without lowering a battery capacity and 
charging/discharging efficiency. 

SOLUTION: A positive electrode 1 1 used for the nonaqueous electrolyte 
secondary battery 1 0 contains a zirconium of not less than 0.01 mol% and 
not more than 1.0 mol% formed by co-precipitation, a cobalt compound as a 
cobalt source to which magnesium and/or aluminum is added, and a lithium- 
containing cobalt complex oxide of a hexagonal system obtained by 
synthesizing with a lithium compound as a lithium source, expressed by a 
general formula: LiCo1-XMX02 (M=Zr. Mg, Al). 
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ctilcXO. ^ba^^Aco^a^SPT'. ^itfiSa-f' 
iti^?#i.ckfrRlfigi:^?.o 

[0 0 15] 

^xmmicmm-t %>t>\ c <om.m<r>mm\- ^ 

T-@:6^MLTHfiST3Ci:tfpIfitT*fc5o **5. 01 

[0 0 16] 

1. lEfigCDftS 

( I ) z r fcMg^jS*a?nfc3/^UH8^»ffc«joff 

$-T. BSK3A;l/h (C0SO4) igiStcmSjl^ 
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1 lcav££n*:IE&S^K£E^«fe«g JO 
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n/Wr-BfcftLT. i?fozi=.<5L> (Zr) £0 
j&&P«tfO. 50mol%T% frOT^-'JA (A I 
) <Dj£ijPM#l. OOmo 1 %T\ -**f*z/*7l* (M g 

) <Dj£iraa#0. o imo l nfc 

A4oJ;tf7;l/Sx^AcO^;&PBte±j£<Dd 1 ttS)«T, 

(Mg) cOi&bPfitf 0. 5 0mol%kft 
SJ:3»c£jSSftfcmffi«8«*iEffi?S«BKd 2 t U 
^y^->^A (Mg) cogsioBtf 2 . OOmo 1 
SJ;3fc:£J5!c2nfcIE«igtoK*mffii£i'Mtd 4 t U iO 
v A (Mg) cDjfebPatf 3 . 00mol%i:4 

0 i/;l/aji^At3i;t>*r;l/5r:^A<DSxi!)Pa« 
±i!;<Dd 1 tlSlttlT', (Mg) OgsiPBtf 
4. 0 Omo 1 %t«:*J:3K^J«StlfciEffiSi*H* 
ESiSftHfid 6 fcLfc. 

ft*5, i^l/^X-^A (Z r) fciU'/Jl/S-^A (A 

1 ) COr&jjQMli I C P (Inductivery Coupled Plasma ; 

CO 0 2 7] 

a 6, xl. bl~b6. c 1 ~ c 6 tS^tfd 1 ~d 6 
J&ffll^T. ctt6©SiE«i£ltlH#8 5HH#T>. WAS 
Mfc LTO«*»**' 1 0H«gI5T'. ftitfftijfc LTO# 
U7-yftkr^'Jx> (PVdF) ^*A<5H»gi5i:^S 

fciEffi^J^rN-^^l/fcra"; F> (NMP) £ig£-L 
Tiffin U-fcUfcSfc. C(0EfiBXv n -*JP*#2 50 
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0 p. m<DTEm.mnfc (7;l/5x->-AJS&5<,Hi:r;l/$x 
T. IE<S«m«Oi^ffifC«fe)H@^0EitLfco CMS 

ffiSo-^ffl^Tm^P* (eiRtf i 

7 0fim) KttSSTffiffiU f9rJ£^f£ (0lJ;Ltf*I#5 
5mmT', g?/)'5 0 0mm) KSJEtLT. IE® 1 l£ 

CO 0 2 8] 

^A^Jg^r«|p]^-e, cne>£:x?-Ui/;*j-#*-r- ( 
EC) tiSX-f-Jlsij—tt—b (DEC) fr££<53!# 
mm-Btmmc L i P F** 1 -y h;l/*§8?L-T§I 

HLfc*r««W«Ef »C«i»UT. 3 00mAOt»U- 

h vfem Ltcmcommmwi^yo <y y LTjtBi&ts** 
tbtc -?%>£, jEMfeVunx i*m^tciE®i nas^ 

T«, mi (a) IC^-Ti^JC, 1 2 5mAh/g<>ffi 
— 75, lEHjg^S a 1 ~ a 6 , bl~b6, cl~c6 

io^xs^m^tz'EM i ncti^-m, 01 (b) fc^-r 
<t ? k. i25mAh/ g ttft<DJtm$timicm$nmcm 
H-r-5^ft^tiigA6e»n^A>-Dfc„ &is, 01 (b) »i 

iES?§1feKa 3;&ffl^/*cIE<i 1 1 ©jEmtfaJS^UT^ 
IE&j£$>ft a 3 *ISfc< E^gfeia al~a6fei 
C/bl~b6, c 1 ~c 6*m^fciEM 1 1 £*5VT*> 

CO 0 2 9] 

2. aSOftSI 

£ fc. ^H& V ^*A^ 9 5 SBgPT', *S#?FJ t LTO 
^U^-yfbtr^U^y (PVdF) t»*#5B«gI3i:& 
^.t^tcil^Lfc^, cn«rN-^^l/lfa<J H>- (N 
MP) £i!£-LTft@X^U-£:Lfco C<D^, f#6tl 

/cmnx^u-^jp^ i 8Mmto&8imm<* mm) 

H*go-^*ffl^TR)T/eojp^ 5 5/1 «K) I- 

%3£T-1±EU pffS^ffi (0S 5 7 nun?, fi 
£7bS5 5 0mm) lc^J»fLT, I 2*ffHLfco 
CO 0 3 0] 

3. itykmMg.-'Xmmcoitm 

O^T', ±MiO<fc-ptcLTf^t/c:IEfi§l ltftil 

iaL/io c<d'^, 0 2tc^-r«t^{c, »^«ffi»(D± 

Tlc^n^'n^*^ 1 4, 1 4*EBLfc». Ctl?.© 

jsanofiffiis^^Kitesifftfifttoraw^aEffi 1 5^ 

2 ^^iStti-rS&fii'J-F 1 2 a*n*ffi 1 5CDrt)^ffi 
k:»»Lfc. ri^#tt«M^OIE8Si liOStU-T 
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SiE«y-Kl 1 a*t*Pftl 6©Mftl 6 b<DTMlC 
[003 1] 

) i:->*x^;i/*-.i->^-h (dec) frZKzm&mm 
tcmmmmmz&XLrco o^t-. ftgeei soma® 

K#V~7u\dL>Z/ (PP) ST'HM0^^7H 7 

&®m?2>ttt>ic, coifx'rvh i 7 0rtgi5{c^p 

f*l 6*«Bb/c 0 ttSfcl 5 <DF*lPgflcD±4SJ 

g|5*rt73icfrb#5C<!:{c<i:9t=fPbT, SIAM 8m 
mf, (fi£) #6 5mmT*^tf-:gB# l 6 0 0m 

A h (D#7kmf&&Ml& 1 0 (A1—A6. B1—B6, 
C1—C6. D1-D6 (11, D3Wi<) *5«tD"X 

i) ^^-n^nftSiL^o 

[0 0 3 2] 

H&A 1 £b. iEffig^Ka 2*ffll/^fc?^7k«»**»* 
A 2 a L, a 3 ^ffll/>fclf*«»M««fi 

^r«?tiA 3 £ U IESiS$lRa 4 *ffl^fclM<««¥M« 
r&ttnttlA 4 £ b. iES?g^«a 5*fflV*fc#3Ml»H 
«*fi*«a&A 5tL, IEJSS$lSCa 6*ffl<^fc#*W* 

fc?Mc«flfJrai!l*«ttB 1 fcU lEffig&jgb 2*ffl 
i#^l^«ffK«tt«:«il!lB 2tV. lEtiffi^fl b 3 «• 

*fflir^fc**tt»K«?ft*«»B 4 £ U iE8i?g^Mb 
5*fflir>fc#fzk«WK«»*«}l!!B 5 £ b. IE<ijS^H 
b 6*ffl^fclN*«»R*»*««!lB 6 i: Lfco 
[0 0 3 3] 

Hfic 2 i: b. MiSMc 3*m»1t&7k9Mtni&* 
mWC3k b. iEffiJSttKc 4 tffli/^clfzKWBK** 

»*«»C 5 t b. E85i£«j8tc 6*fflv^?N7kfMPK 
ftrfe^SjfeC 6 i: b/£o S£>fc. lEJIffi^ft d I Srffli^ 
fc#*«WK«fi*«ttD l i: b, lEfiiS^Rd 2£rffl 
l>fc#*«IBK*»*«»D 2 £ b, iEffiSffeKd 4 * 

m^tzimwvmmzKmD 4 tu mjss^ftd 5 

*ffl^fc#*«BK«6*«l!iD 5 £ b, ESiSftHd 
6*ffli^»7Kfl«»fB?ft*««&D6i:Lfc. IE 

o 

[0 0 3 4] 

fcfpftl 6(iiEttNHF£:tt«iEff**-y7i 6 
at, ttgSBl 5 0IWOW***±-r*a* 1 6bt5:I 
*T^*. fLT, cn^OEfiB^+'V^ 1 6atlft 
1 6 b*pe>&5£fp{* 1 6rtK, ttil!irtgp<D^XE^± 
#LT0r^«O^E73 (fWAlfl 4 MP a) fCitTSt 
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^-TSgBftSSISMSl 8fc. igft^±^-T5tfi 
Indtfif^-f -5 P T C (Positive Temperature Coeffi 
cient) gt?l 9#E^£nT^& 0 CttlciO, Hffe 

rtfcja«gfi*^tiTSm^^^^4i:-5i:. PTC 

T. «»rt8M)^E*<±»LTm«<Ol5B££E* (09* 
(f 1 4 M P a) J&kfcft* fcflfltttWttgJBfi 1 8 tig 
ffJLT. 1 8 tg<* 1 6 b fcQtttttf 

J0 

[0 0 3 5] 

4. wm&vmm 

(1) 3t«iE«BOl»»*r ( D S C RJftM &i§g£«) 
O^T, cn6<OSlHiAl~A6, B1—B6, C 

1—C6. D1—D6 (fib. D3lif <) *5«fctfX 1 
fcflJ^T, 2 5 < COiafiS%T', 10 0mA cD^SHHSft 
T*. «*ft«Etf4. 2 VtC&5£T-£«fit7c«b7c 0 C 

20 ^LTiSKn-^r^TCo cne>C0KKn-4mgtc«LTx 
3-U>J3-tf*-btZ 1 mgtnAfc&. T;Udr^#H^ 
TTZ7l/5^ASi<D-tr7l/4»fcf*Pb7co oi^T', ctt 
&0-fe;l/«r*S*MEf»«W- (DSC) fcAftT. #?Sii 

Mttt-saik (Dscfe^tes*) *m%.?%£, t 

[0 0 3 6] 

(2) ww^a 

Sfc, dnGOSttflfiA 1 ~A 6, B1—B6. CI 
30 ~C6, D1—D6 (Mb, D 3W:Rfc<) H&lfX 1 Z 
fflV>T, 2 5 rojSK^T', 1 600mA (1 I t : 
I t (mAh)/lh (f^M) T'*^nsSl 

ffi) «0?t««85tT-, fljteWEAM. 2Vtc^:5ST'^« 

^3 0mA(C^:|.ST'£iEJtf L/c. C<0ffe, 160 
OmA (1 I t) Ottffl«iSiT*?a?fiffiEA^ 2 . 7 5 Vic 
%Z1£T1&WZ&Z> £^r>7t1&ntt 1 EfcWT ot, «[ 

5 £ . TiE<Da l K «fc 5 ftlS* i: ^ o fc, 
40 [00 3 7] 

(3) HUSfttfig 

ISJf^tc, cn^tDS-W^A 1 — A 6. B1-B6, C 
1—C6, D 1 ~D 6 (fib, D 3&&K) feJct/X 1 
%m^Z. 2 5 °C<D&mm%fZ', 1600mA (I I t 

) <D?t.w.ntfc-e. mftkMEEtfA. z vic&asT-affass! 

3 OmA{c&.5i:T*5£«E3lt«b/Co CO^, 1600 

m a (i i t ) (omnmmT'fmm.E.tfi 2 . 7svtc& 

S^t'OTS^, 1 -9-'<^/l/Bc7)3t«(tti:b7c, 

50 *?S^T. 1 600mA (1 I t) <D?t««SftT, 
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4 . 2 V CDS«EET'^±«gft A< 3 0 m A K & £ £ T*£« 
EE3S*Lfc„ C<D't£, 4 8 00mA (3 I t) <DWM9. 

$iT'mi&m&tf 2 . 7 5 vfcfc-ss-efifci^-e, cn* 
wm®mizn-rz2v-'f*>i'g<Di&m&m(D)tm (%) 

*fiM1Mg (%) tUT**6§i:. raoSilc^tJ; 
[0 0 3 8] 

(4) 2 5Tcaa»*iM*;i/«aHi#* /o 

Cfte><D&«?fcA 1 —A 6, B1—B6, CI 
~C6. D1-D6 GSL. D3liK<) £><fctfX 1 Z 
m^X. Z 5°C<DU&mm.X\ 1 6 0 0mA (1 I t) 

(DitmmMx, nMrn^A. 2 vic%&£xfentttft 
mvtc'ifk, mmw.&.&4. zvojzmfrx&itnm^ 

OmAK^SST'SttEDtttLfc, C©f£, 16 00m 
A ( 1 I t ) <Qj5&««gftT*«?fc«fftf 2 . 7 5 V 

i^T. C(0J:^^:?tE«(«%3 0 0-tf-^ ^;Hf »?jgbTfT 
V\ 1 +M , £;l/g<Dfifc«§ftK:#-r-5 3 0 0-<t-C?.rt/S 20 
£0«t«§«<0it* (%) *r. 2 5rT<D?cS5«-9-^^;l/ 
^■ti«f$ (%) fcLT^&Si:. TEOg 1 tc^-r«fc 

[0 0 3 9] 

(5) 6 oxKt&mvjzjugmmftm 

3zrc £tic,<D&na&fii 1 ~a 6, bi~b6, CI 

~C6, D1~D6 OIL, D 3tiRfc<) *3«fcQ*X 1 % 
ffl^T, 6 OICtOSaii^T', 16 0 0mA (lit) 

o?c««^T'. mmmEE-hu. zvictezzxmmmft. 

0mAlC&.5i:T*5£«jE?tftL7-;:o COfl, 16 0 0m 



#113 2005-1 29489 

a (i i t) (DfonnvaxmrnwEEtf z . 7 5vic#5 

l^T'. C<D£5£^I&**3 0 O-y-^^l/tlDjSLTfT 
i\ 1 •^'<^;UBOfiS[«Satc«-rs 3 0 0-9-f *;I/S 
<Oft«S*<Dl£sp (%) 6 O^T'OftS^-l'*;!/ 

g»«s^ (%) tLxx&zt, Tte<o* lie**?* 

[0 0 4 0] 

(6) ?C«rt35)S*gI*l£ 

cne.o^i/aAi~A6, bi~b6. CI 

~C6, D 1 ~D 6 (fiU D3(ii<) fcitfX 1 £ 
^tn^tx 1 0 O^Ofli^T. 160 0mA (1 It) O 

ftmwffix. mmmmt)U. a v^^x^mm^m 

Ltcik. MftimEEtiU. 4 V©^*ffiT'^lh«^3 o 
mAlC&SSTjSmEETtfttfco C(0I, fi&tf 3mm 

si^nfc ^ts, mft(Dm&&m&mcis^xii, 

[0 0 4 1 ] 

(7) ffif£g©t» 

SIlfiAl-Afi, B1—B6. C1-C6, 

di~d6 «au D3«^o *3«tt;x i zjtmnL 

fem, 2 5mAh/gttifitt>*tJ6&S*-7" 

[Sl] 
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(9) 
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mm 
mm 




DSC 


(mAh) 


am 
&m 

(%) 


25^ 

(%) 


60^^ 

(%) 


m) 


mm 

n 4\w 


Z r <D 


mum 

VilIU 1 70/ 


A 1 <D 




X 1 


0.50 


ft L 


ft l 


17 4 


16 3 5 


9 4 


9 2 


7 7 


1 0 




A 1 


0.5 0 


0.0 1 


ft L 


17 9 


16 3 8 


9 4 


9 5 


8 0 


9 


ftL 


A 2 


0.5 0 


0.5 0 


* L 


18 1 


16 3 9 


9 5 


9 5 


8 1 


8 


ftL 


A 3 


0.5 0 


1.00 


ft L 


18 5 


16 3 4 


9 5 


9 6 


8 1 


8 


ftL 


A 4 


0.5 0 


2.0 0 


ft L 


18 5 


16 3 2 


9 5 


9 6 


8 2 


8 


ftL 


A 5 


0.5 0 


3.00 


ft l 


18 6 


16 3 5 


9 4 


9 6 


8 1 


7 


ftL 


A 6 


0.5 0 


4.00 


ft L 


18 5 


16 0 5 


9 1 


9 6 


8 0 


6 


ftL 


B 1 


0.50 


ft L 


0.0 1 


1 8 3 


16 3 5 


9 7 


9 3 


8 1 


6 


ft L 


B 2 


0.50 


ft L 


0.5 0 


18 7 


16 3 3 


9 7 


9 3 


8 4 


6 


ftL 


B 3 


0.5 0 


ft L 


1.00 


18 8 


16 3 4 


9 7 


9 2 


8 4 j 


5 


ftL 


B 4 


0.50 


ft L 


2.00 


18 8 


16 3 3 


9 7 


9 3 j 


8 3 


6 


ft L 


B 5 


0.5 0 


ft L 


3.00 


18 9 


16 3 1 


9 7 


9 3 


8 2 


5 


ftL 


B 6 


0.5 0 


ft l 


4.00 


19 0 


16 0 2 


9 7 


9 3 


8 1 


5 


ftL 


C 1 


0.5 0 


1.00 


0.01 


19 1 


16 3 9 


9 4 


9 7 


8 3 


0 


ftL 


C 2 


0.5 0 


1.00 


0.5 0 


1 9 1 


16 3 5 


9 4 


9 7 


8 4 


0 


ft t 


C 3 


0.50 


1.00 


1.00 


19 3 


16 3 7 


9 5 


9 6 


8 4 


0 


ftL 


C 4 


0.5 0 


1.00 


2.00 


19 4 


16 3 2 


9 5 


9 7 


8 4 


0 


ftL 


C 5 


0.50 


1.00 


3.00 


19 3 


16 3 0 


9 5 


9 7 


8 4 


0 


ftL 


C 6 


0.50 


1.00 


4.00 


19 4 


16 11 


9 5 


9 6 


8 4 


0 


ftL 


D 1 


0.50 


0.01 


1.00 


1 9 1 


16 3 6 


9 5 


9 6 


8 3 


0 


ftL 


D 2 


U . O U 


U . O U 


1 n r\ 
1 . U U 


19 2 


16 3 8 


9 5 


9 7 


8 4 


0 


ftL 


C 3 


0.5 0 


1.00 


1.00 


19 3 


16 3 7 


9 5 


9 6 


8 4 


0 


ftL 


D 4 


0.5 0 


2.0 0 


1.00 


19 3 


16 4 0 


9 4 


9 6 


8 4 


0 


ftL 


D 5 


0.5 0 


3.00 


1.00 


19 4 


16 3 5 


9 4 


9 6 


8 3 


0 


ftL 


D 6 


0.5 0 


4.00 


1.00 


19 4 


16 18 


9 4 


9 6 


8 3 


0 


ftL 



C0 0 4 2] &L±lc*%t, DSC8«fia ("O^U 2 

±12* l Ott*^6BB6A^4J:5K. VI* ( 5°C. 6 0t:-e<Q3 0 O1M*;l/fft0$BiE&$ (%) 

Mg) O^iPfi*^y^l/hftjcWLT0. 0 Imo 1% 50 
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(Mg) O&iPBtfri/^l/r-flKttLTO. 0 1m 
o l%&LkK.&&k. @i (b) (c^n^i^c, ?c 
^ggtf 1 2 5mA h/gtti£?ffi£&ftWftl£n. 13 

gfttfl 2 5mA h/gtti£T*Xj§@^ffF<ffi%iTo/c4: 

mmx i fcffl^e.nfciEffijs^jHx i attfkik 

[0 0 4 3] 

££Zt>\ *«fiA 1 ~A 6tCffl^^P>nrciEffirg^lHa 
1 —a 6tCfcV>T«, 0 1 (b) K^n-Si-Mc, 

fc. fcfc. ^if*~>VL. (Mg) <Ojfe&PBtfriA;l/r-« 
fclttLT4. 0 Omo 1 fcJCLhfcfcSfc. WJWSMtfiB; 

e><oci:fr6. A (Mg) ai£2HiBf*=i/W 

h&CttLTO. 0 1mol%«iT'3. 0 0mol% 

[0 0 4 4] 

(^SHc, z;l/ = -^A<D^ina*^o. oimoi%« 
±»c&Si:. DSCRf&Mtt&ft CC) a*±»U rtS5 
m&H8ite.mtffa±?Zcttfttfr%o 6 0tT- 
<03 0 O^^^MkO^mm^m (%) A^?tcrRl±b 
W«Ct*W5o T)V=-V1* (A 1 ) O 

j&taMtfaM/l/r-aicttLTO. 0 1 mo 1 %J-X±{C& 
St, 0 1 (b) {Cjf^n-5<fc5tc, 3t«§fi*M 2 5 

m a h/g «ifiT?tai5»^fflKa sn. *ss«jfi*^^ft 

$$T'£ofco &*5, 4. 0 0 m o 1 %fcl±<08slW#f7 
taSttO. 0 1%~3. Omo I %T££i:#A£n£ 

o 

[0 0 4 5] 

±K« 1 OfS*^6W6^4J:-5«c. Zr (0 
. 5mo 1%) tMg (lmo 1%) ©MiiOlT, 

tjis.-vi* (a i ) fymmwDiEm'^n a 3%m^ 

fcWfi A 3 tCfelr'TId:. D S C&JRUMtt&ft cc) # 1 
cn«, IE«S1Mlfi:7;l/5-'>A (A I) 

ta?tiTi,^v>i:. ds c^mnmM& CO M&<% 

[0 0 4 6] 

CtttCJtLT, Z r (0. 5 mo I %) KM g ( 1 m 
o 1 %) t A 1 ( 0 . 0 1 ~ 4 m o 1 %) <DPS7^ A^AP 
£tl/ciEfis?S!$)Mc 1 ~c 6^fflt^c.l)teC l~C6(c 

*j(,^T«. ^artgpsiss^^ia^ojits^^fg* 



(10) 2 0 0 5- 1 29489 

/« 

Z r (0. 5 mo 1 %) £Mg ( 1 mo 1 %) £t%>K 
T)V5.-*7L> (A 1) #0. 0 lmo I %£LhStta£n 
Zt, D S CfgJRHtt&ft CC) tfl 9 1 ^CW±1C±^ 

A (A 1) #4. 0 Omo I %tciimu-£ t\fziEffii£%l 
Bc6%ffl^3t SJJWSatflfiTf £o C<Ofctb, 7 
fri-fl* (A l) ^iP»ti3/^i/haic«bT0. 
0 1 m o 1 %W±T', 3. 0 Omo I %WBc*8Sy-f S 

[0 0 4 7] 

$fc, ±IBS 1 (D&ZkfrZWZfrK&Slc, Zr (0 
. 5mol%) £A\ (lmo I %) ©^fcSsijP LT. 
WZH/VJx (Mg) tf^iPOIESS^ab 3£rffl<^ 

fcmttjB 3tC*5l^Tti. D S CJg&Bfl&fgffi CC) ft<l 

8 8r^<g<T3t«rtgPS*SS^*^5ffli:^^i: 
tffftfrZo CtHt. lESS&jlKT A (Mg 

) ^ip^nr^^^v^f:, Dsc^r^jgfi cc) # 

<K<&^T. iE<lO^S<4*MgTLfcfci6^. 5fc«l*l 
[0 0 4 8] 

cniCflLT. Z r (0. 5mo 1%) (CA 1 ( 1 m 
o 1 %) tMg (0. 0 1 ~4mo 1 %) (Dffifttfmu 
SttfclESSWRd l~d6*it^tflDl~D6lc 

LT^&^i^&lC. 3 0 0t-<^ ;l/»OS*«t«f* ( 
JtSfcWItf^l^aiiffsp) ^(Bj±LTV>SCi:*':^*> 
CtUi. 3-^/1/ r-»tC*fLTZ r (0. 5mol% 
) £A 1 (lmo 1%) i:tttC?^>")A (Mg) 
50 A'O. Olmol %JW±8sJjP^n/ciE^?S^lHd 1 ~d 
6*m^tzn%lD 1 ~D 6(C*5l/^Tli. DSCMJS 
CO AM 9 1 °Ca±tc±#LT. lEHSOglSc^tt 

tf\a}±vrcrztb£mz.c>tiZc, it, eteD6co«fc5ic 

. n/^Ur-aiC^LTv^^^A (Mg) *M. 0 0 
mo 1 %1£Vmn-£tittW.tB,mmfld 6*m^&£ ti) 

im&tf{&T?Zo ccorcft. (Mg) <o 

^iPa«3/Vl/hfitC^LT0. Olmol %W±T-. 
3. OOmo 1 %JWTteJK«|-r*<0*<»*Hf^l-^«: 

40 [0 0 4 9] 

5. (Z r) <Dife!jPfiKO^T 

Ol>T-. i/*;l/n^i>i;A (Zr) ^jfe&PffitCO^T^H 
L/c 0 fCT-, ^ 7*^*71* (M 

g) cD^iPfiA^ 1 . 0 Omo 1 %T, ->*;Un-r>i, (Z 
r) (Dma&tfO. 0 1 mo 1 % t £3 «fc 5 lc£-/£?n 
fciE«JS«lK*iE»g»ll a 7 4: U ->*;Uar.>>A (Z 
r ) <D8siPiltf 1 . 0 Omo 1 %i:^:-5<J:-5{c^-fi£?n 
fcEffiS«5S^iE1®S^Sa 8 i: Lfz 0 *fc. 7«J/ 
(Mg) Oj^iPaAM . OOmo I %T*. 
50 £A (Z r) cOj^iPl^ 2 . 0 Omo I %t45i5IC 



-10- 



19 

(Zr) A^^iOT^fig^tlfciESjg^lg^iEffi 
fSt&lftx 2*Lfc. 
[0 0 5 0] 

£tc. n/^Uh»(c}tLT. T7l/S^A (A 1 ) <D 
r&mmtf 1 . OOmol %X\ zS>la-Vl± (Z r) <0 
SsinMtfO. 0 1 mo I %i:^S«fc-5{cB"fig?nfcIEffi 
S$)R*IE®gE3Hb7i:U (Zr) © 

^iD«*M. OOmo l%fc5:2.J:9lc^fi!cJftfciEI 
jS^H^riESg^gb 8tLfc 0 $7c. T)ls5.-?1* ( 
A 1 ) (OmuMtf 1 • OOmol %T', i/)Vzi — ^h ( 
Z r ) (Djfe&PBtf 2 . 0 Omo 1 % i: «fc 9 
n/iiE<iS«!lK*iE«iS^lH»b9i:L. i^/l/n^A 

(Z r) A^»iftJTfdlS*nfeiEaiSftK*iE«jS»K 
y i: Lfco 

[00 5 1] 

5*6»C, n/^l/hatc^LT, T^->^A (Mg) 

*5<fcO : 7 , .rt/5^*A (A l ) (Dmhan&t'Liz 1 . 0 0 

mo 1 %X. v'/bn-^A (Z r) cQj&bniitf 0. 0 1 
mo 1 %fcft*±3K-&fiR£nfciEffi»toK*IEffiigia 
Sc7tLf;„ 1:7c, v^^AfcJctfT/bS^A 

co^iaa«i±aiO c 7 tmux, V)^=.^u (z r ) 

©i&bllStfl. 0 Omo 1 % fc&-5<fc 5 {C^-fig^ttfcIE 
Sg^K^riEfiiS^K c 8 t U v^brj-^A (Zr) 
(OmaMtf 2 . 0 Omo 1 5 fc^/S^nfclEfi 

S^S^iEISS^jKB c9tL, 7;l/5^>i7A*5J:tfv 

A (Z r ) 3WR}SiaT&ia*tifcjE8SS«S*iEffi}S1*ll 
z t Lfco 

ft*s. ±atra*t. i;>ia-<yL, (zr) tsitfr 

- ?A (A 1 ) OffiftnSti I C P (Inductivery C 
oupled Plasma : r^X^&ftftm lc«t K>ft%x LTff 
5tlftiT*»), T^-^A (Mg) <D?35Jraa«M? 



(11) 4#Bf]2 0 05-1 29489 

[0 0 5 2] 

OV>T*. Cft6<D£IE*Sjg$&lKa 7~a 9, x 2. b 

7~b9. y. c7~c9, z*m^x, ±mtmmc 
mmi izrmu ccojEmi izm^x, ±&tmm 
ictsitsa^ 1600mA tKDifrkmmnmm 1 o (a 

7 — A9, B7 — B9, C 7 ~ C 9 *5«tD*X 2 , Y. Z 

rzimnmnnmitnm a 7 ^ l. jE«es«H as^s 

/O i^^7K«MK«jfi««Jl!! A 8 t U ZEffiS^H a9* 

ffl</^c^7j<«PH«}tt^*}ttA 9 tLtzo £tc mmrs 
<mm.b 7 *m^rc4t7i<mmmmtti*mmB 7tu mm 
gftSb 8*m^tzimnmmm&zmmB 8 ie 

fiBjS^jgb 9£ffl^7c#7kfM?g«jfc£«i&B 9 i: L/c 
c $7c. lEffig^JSc 7^rffl^rclf7j<ttft¥Kmjti^*}tt 
C 7 i: U iEffig^S c 8 *fflV>fclf7j<IK!?S«?fi^ 

&?St@jti*»t!iZfcL7c„ 
[0 0 5 3] 

Ol^T*. cntb<D&mMA 7~A 9, B7 — B9, C 
7~C 9*5<fctfX 2. Y. Z^ffl^T, ±3zEi:llI«l^75 
ffifc J: DWfiWttKKfcfToT. D S C fg&SflteiSS ( 
■C) . »i(mAh), &?Sf14ftl (%) , 25°C?L1& 

mv<< *>i>®mmm& (%) . 6 o-tjtSx^-tr-Y^i^ 
^cow^^n€n#46^i:. Tta«g2ic7n?n5 e fc 

B3. C 3«0^tW-y:T^;LTI/>5o 

[«2] 
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21 



(12) 



2005-1 29489 

22 



mm 




DSC 


(mA h) 


(%) 


25°C% 

Witt 
4 $ jV 

til 

w m 
(%) 


60*0 3fc 

■-« — H s_ it 

ft m 
(%) 


H?£ 
3I£ 
l& 
OS) 


MM 

ft jw\ 


6 r 
(mol%; 


LVi g l/^ 

(.mo 17b; 




CC) 


X 2 


ft L 


1.00 


ft l 


18 7 


16 3 7 


8 8 


8 7 


7 4 


7 


ftL 


A 7 


0.0 1 


1.00 


ft L 


18 7 


16 3 5 


9 4 


9 5 


8 1 


8 


ftL 


A 3 


0.5 0 


1.00 


ft L 


18 5 


16 3 4 


9 5 


9 6 


8 1 


8 


ftL 


A 8 


1.00 


1.00 


ft L 


18 4 


16 3 5 


9 5 


9 6 


8 1 


8 


ftL 


A 9 


2.0 0 


1.00 


ft L 


18 1 


16 0 2 


9 5 


9 6 


8 3 


9 


ftb 


Y 


* L 


ft L 


1.00 


18 8 


16 3 5 


8 9 


8 7 


7 5 


5 


ftL 


B 7 


0.0 1 


ft L 


1.00 


18 8 


16 3 5 


9 7 


9 3 


8 3 


5 


ftL 


B 3 


0.5 0 


ft L 


1.00 


18 8 


16 3 4 


9 7 


9 2 


8 4 


5 


ftL 


B 8 


1.00 


ft L 


1.00 


18 8 


16 3 3 


9 7 


9 3 


8 4 


5 


ftL 


B 9 


2.00 


ft L 


1.00 


18 3 


16 0 3 


9 7 


9 3 


8 3 


8 


ftL 


Z 


ft L 


1.00 


1.00 


19 2 


16 3 5 


8 8 


9 0 


7 5 


8 


ftL 


C 7 


0.0 1 


1.00 


1.00 


19 3 


16 3 7 


9 4 


9 6 


8 3 


0 


ftL 


C 3 


0.5 0 


1.00 


1.00 


19 3 


16 3 7 


9 5 


9 6 


8 4 


0 


ftL 


C 8 


1.00 


1.00 


1.00 


19 2 


16 3 5 


9 5 


9 8 


8 4 


0 


ftL 


C 9 


2.0 0 


1.00 


1.00 


18 8 


16 10 


9 5 


9 6 


8 4 i 


4 


ftL 



[0 0 5 4] 

z r ) tmmuviEmfeVanx 2. yzm^rznmx 2 

, Ytc^>l>TCi, 3 0 0 -"M £jl/8W> 2 5°C:fc<fc£/6 0 

vni/^^t (Mg) tTll^-VL. (A 1) 
tfmu^n, ^OS/Obn-^A (Zr) ^ftS^iPOiEffi 

»4»^8ii:^i:i:tK3 0 0^***02 5°C 
*5<fctf 6 OXX*(Dmmffift&tf<&T^T^%££tfftfr 
3 0 cftte. iEffiS^Stc^bn-^A (Zr) tfj&fta 

[0 0 5 5] 

n/^l/MtcWLT^l/Zix^A (Zr) #0 



. 0 1 mo 1 %&±WibQ2nrzJEffir£tyna 3, a 7- 
a9 (b3, b7~b9) *fflt^lftA3 f A7~A 
9 (B3, B7-B9) iCfc^Tte, mffif£fl£*5cfc If 3 
0 01M*;l/tftO2 5°C f 6 O'CTOSMHH** (%) 

(Zr) <D^ina*<r3/^l/hfiJcJ*LT2. 0 0m 
o 1 %ffiin£ftfcmffi}g«&Ha 9 (b 9) fcffl^fcHifc 
40 A 9 (B9) fclfc^Tli. DSC«J»IJa«6ffl« CC) 

•T£cfc5lc£:3o Cti%(D£ £fr<b, ^l/n-^A (Z 
r) O^iPg«n^;UhStc^LT0. 0 1mol%« 
±TM. OOmo 1 %UT\cmU-f^>(Otm^^t^ 

[0 0 5 6] 

Sfc. v^i/^Ai: (Mg) fcT/l/S-^i* (A I 
) OP8*^iSftl?n, fr-3i/)lZJ-Vl± (Z r) tfgxjta 
StlfciEISSttlRc 3, c7-c84ffl^ftiaC3, 
50 C7~-C8lC*5V>Ttf. ^SrtgP^fgS^fg^^Offl 

12- 



23 

2 SVtSZtf 6 0'CT'<D?gm&W&t>' i fa±l<T^%£ t 
tftffr-So c*U±, ^/m-r-BlcttLTv^l/a-^A ( 
Z r) 0. 0 1 mo 1 %iX£&SP;f ftfcIEf&S$lH c 
3. c 7~c 8*m^rcW.i&C 3, C 7~C 8{Ct5l,''T 

o (SU «r6C 9 <D«fc ■?«;:, 3;S;l,hfifc*f LT^l^ 
r:£A (Zr)*^2. OOrao 1 %fc^*a?tXfciES 

. i^l/zi^A (Z r) cDSsijfla&n-'S.rt/hfiUiJtLT 
0. 0 1 m o 1 %W±T*. 1 . OOrao I %VCFlcmffl 

CO 0 5 7] 

5. Z r tM g tfmaZ titers WbW.-&m<m<D-?tf 

±ajL/cP(ctil/^T«. KS^A^h (C0CO3) 
^fig^F^^l/n^'j/A (Zr) fcV^*->«>A (Mg) 

c n*J»#»R£fc: J: 9 ->*;l/a - 
tSitfvy^i/^AjSftlOEgKfkHri/^l/h (C 03 O 
4) iinc^gUf^A (L I2C03) SrgsinL 

. j&fifc LT S^Hi- £ Afc«fc V iS!lD03^ 
^hK^f-^A ( L i Coi-iMiOj (M= Z r , Mg 

) ) (Dm&frttzmic-o^xmwLrco ccrnt, ■=? 

Co 0 5 8] 

C<Dtztb. m&^'Wb (CoCOj) -g-fig^FfC^U 

3-^A (Zr) *«ttS-frfc». cn*j»»«?sist 
iO-^Un-'i'AjSitlPOEgSEftHn/^l/r- (C 03 O4) 

5Mo.=.«>A»:&p©HKi't==i/<;i'r" (CojOO *m 



(13) 2005-1 29489 

">A (L 12CO3) ZmMLtc Ot>T*. Ch6*ijf 

->£A (MgO) ^riP^Tig^-b/co oi^T*. ?#e>ftfc 
JB*«»*3£««f T'8 5 OiCT'2 O^Mj^fiJcLT, ->*;l/n 
^Afcitfv^^A&iptDn/^Uh&U^A ( 
L i Coi-iMjOj (M=Z r, Mg) ) ©j&figffcfc^- 

CO 0 5 9] 

/0 &*5. ^1/n^^A (Z r) <7)gsAPfi (gsiagte I C 
P{C<tO»«rLTf#e.n/cfiiT'S-g 1 ) ft<0. 5 0mo 1 

0^«fLTt#P,tircflT'^5) #0. 0 1 mo 1 %tte 
£<fc3{c£j££*ifcIE&S^«*IE®i§&>Ha 1 0 fc L 
, i^Ua-^A (Zr) ©iSSnBtfO. 50mo I %~U 
. ^■?~*i/'51*<Dmimmtf3. OOmo 
K^fiK*nfciEffiS«Bf(*iEffiSttila 1 1 t Lfc„ 
CO 0 6 0] 

tc'&, ±^tmmicmi<mmn-^mmA 10, ah 

^•■^n^nffSLfco &*5, iEffijg^Sa 1 Ofcffi^fc 
tO^ttHkA 1 Oil, IE<iS$lKa 1 1 ^fflV^cfctD 
^HHSA 1 1 tLtco iltl^OSfMA 10, A 1 1$ 

. DSCRMMttfift (1C) , »i(mAh), ftW 
teflg (%) . 2 5TC*E»*»M*7l/S*HM**s (%) . 

6oicMi^^^^i8s$ (%) , m&mtmn 

3(Ct±, IJILfetilfiXl, Al. A 5 0eSi«*T 
CS3] 
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25 



ftffl 2005-1 29489 
26 







DSC 
CC) 




(%) 


25*0^ 
-f ^ 

/7*-» B_ Ail. 

(%) 


4 9 As 

#f^s S 
(%) 


(fig) 


+0^ 

mm 


mm 


7 r (D 

VlHU 1 fl)/ 


Me© 

<mn 1 %1 

VHIO I 70/ 


A 1 <D 


(mA h) 


X 1 


0.50 




^> 1 


17 4 


16 3 5 


9 4 


9 2 


7 7 


1 0 




A 1 


0.5 0 


0. 0 1 




17 9 


16 3 8 


9 4 


9 5 


8 0 


9 




A 5 


0.5 0 


3.0 0 


ft u 


18 6 


16 3 5 


9 4 


9 6 


8 1 


7 




A 10 


0.5 0 


0. 0 1 


ft L 


17 3 


16 3 4 


9 3 


9 2 


7 7 


1 0 


to 


All 


0.5 0 


3.0 0 


ft u 


17 6 


16 3 5 


8 8 


9 3 


7 7 


1 0 


#<9 



[006 1] 

Mg) ^fi£^flCO. 0 1mol%SWi3. 0 0m 
o 1 %BslraLfcIEli?g*?3Ra 1 0, a 1 1 Zm^tcWm 
A 1 0. A 1 1 (C^Tti. T^i/r>A<DgsiPfi^3 

. OOmo 1 %t&< LTt>mfc&t>m<*z£tim 

<. fro, v7*^A*«^aocDIEffi«t&lKx. l*ffl 
^fcWfcX 1 fcittSLT, D S Cfg&P*1&S£:fcJ:tf?t 
* ;^«8£^Kgfi*&#)l&tf |g46 £ n£fr^ 

fco ^niffrDfr. V^S^AcDSsijPMtf 3. OOra 
o 1 %t£< LfciEIIgttHa 1 1 *fflV\te«?fiA 1 1 

(C&ofc 0 £<D£tfr<b, V^V^A (Mg) CO^itin 

, a^h&iJ^AKH&Liil^e i:Jc<fc&<f>cDi:% 
x. Citato 
[0 0 6 2] 

6. 7. r t A I A^/ja?tlfc=3^7l/MS^ffi!{ti|%OZ;U 

5-^Ao#ifci&bPi;:oi,>T 
±SEtiai«»c. ZrtAi tfma2titc=uWhm& 

Kffc^ (I. i C oi-xMxO* (M=Z r . A I ) ) (D7 

, mi&^'Wh (CoCOs) &f$.mci?)Vzi-^L, ( 
Zr) £#ct Ctl^»fl?Sf6^«t "9 ->*;U3 

-VJ*ffitm<owmtE.=iJWb (Cojoo *mtco c 

AgxipcoeaSSffcHa^l/h (C03O4) fcffijg-ffci: t 
Uc. 'JfJAgOffiRIfli: LTgSBgl'^A (L i 

2C03) msifco o^T', cne-^vf^At^M 



, Setc. 7;l/ = ^A®£ LT&<fc7'/l,= -'>A (A 
20 I2O3) ^rin^-Tjg^Urco »6nfcB**«r 
£^4«T'8 5 Ott'2 0B#ffflj&f£LT, Afc 
«fctf:T;l/ = ^A&;bP<D:3/VI/h&';^A (L i Co 
1-XMXO2 (M=Z r. Al)) (DtftfRfcZ-erfU L/c„ 
[0 0 6 3] 

&4o, i^ba^A (Z r) Ojfe&pB (fiftiDgfi I C 
Pt«tt>^*TbT?#P>nfciiT-^^) ^0. 50mol 
%T*. T>lS.-'trl±<DmQm (MilQmit I CPlCkOtf 
#TLTf# P>ttfc{£T'<fc£) #0. 0 1 mo 1 %i:#£>«fc 

^K^f&^ntzTEmm^m.^iEmmmv.b 1 o ti, ->* 

JO ^l/nrL-^A (Zr) coj^iPB^O. 50mo 1 %X\ T 
)V~ -V l±<Df&hamtf 3 . 0 Omo 1 %£&3«fc-5tc£- 
sK?nfciE«?g»H*iEafig»Kb 1 1 £ bfc„ 
[0 0 6 4] 

rcik, ±.&£mmic#*n.mm.-%.n.m \ o, bi, 

**n^nt^»Lfc. 4*5. iE^jS^Hb 1 0*ffl</^c 
t<D^«?tbB 1 0i:L. iEfiijg^Hb 1 l%fflv^t,« 
^rll^B 1 1 tLtzo CtlC,<D&mmB 10. B 1 1 «r 

, DSCRMteiglt CO . »i(mAh), MM 

(%) . 2 5T?a*»»M*;l/fflM!iW (%) . 
6 0iC?ttt«'9--i'5'/l/S«tt»* (%) . rtSPSJSS^ 

(ffl) ts«kt;ffits»o^rjiRi&*nf f n*i6<5i:. 

4lC(i. ±jjELfc«fiXl. BI, B5©eifcflf^T 
[»4] 
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27 



2 0 0 5— 1 2 9 4 8 9 

28 



mm 






DSC 

CC) 




(%) 


25°C^E 
'tet .H 

(%) 


9 As 
(%) 






mm 


7 r (D 

\HIU 1 /[)/ 


M g <D 
(mol%) 


A 1 £0 

t&tJDl: 

(mo 1 %) 


(mAh) 


m) 


X 1 


0.50 


ft 


L 


ft b 


17 4 


16 3 5 


9 4 


9 2 


7 7 


1 0 




B 1 


0.5 0 


ft 


L 


0.0 1 


18 3 


16 3 5 


9 7 


9 3 


8 1 


6 


ft L 


B 5 


0.5 0 


ft 


L 


3.0 0 


18 9 


16 3 1 


9 7 


9 3 


8 2 


5 


ftu 


BIO 


0.5 0 




L 


0.0 1 


17 3 


16 3 4 


9 3 


9 2 


7 6 


1 0 




B 11 


0.5 0 




L 


3.0 0 


17 6 


16 3 5 


9 4 


9 2 


7 8 


1 0 





[0 0 6 5] 

A 1) 5:i«lc0. Olmo l%$S^li3. 0 0m 

o i %mtn^tziEmm^m.h 1 o. b 1 1 

BIO, B 1 1 iCis^Xlt. Z^S-^AOMDlA^ 
. OOmo l%t^<LTtfSWH<45Ci(i% 
<, fro. 7Vb5-*AjW!Ri^©IEffiig1Mlx 1 *m 
^fciix i i:i±$$LT. d s cfg&Bflteig/*fe«fctfift 

. OOmol %W±<DSsinTJittJW§fiAMgT-r -5 C £: 
tf#*.e>n5/ca&. T;l/=^?A<D&;&PtC<fc3###i|II 

[0 0 6 6] 

7. Z r i:Mg i: A 1 tfiSansnfcn/Whtt^HWLft 
tD^itifebPKO^T 

( l ) TOUS^AOttfctSsipKoi^T 

±^i:l^«fC. Z r tMg t A I tf&totetirz^/W 
YH^mtVa (L i C 01-1M1O2 (M = Mg, Zr, 
Al)) cDT;l/5^^A(0ttf±^iD^fco^>Tt^W 
Lfco C<Dtcib, mm^>WV (C0CO3) £-fi£i${C 
s;;l/3n">A (Z r) £:vy*->->A (Mg) ^ttft? 
•a- ft ». c ft* &#»R£ fc «t 0 3 - * a -7 V% 
^ASyraoesKffcH^Wh (C03O4) *»fc 0 c 

Aiiv^S/^A^iDtDEg^ftHn/^l/h (C oaO*) 

U^A (L iiCOj) J&fflSELfco O^T. C*ie>£ 
U^Afca/^UK^^l/tttf 1 : 1 lOiZ&vlcWm 
LTiB^Lfc». J&t, 701/5^ Affile LTgHfcT 
/l/=-^A (A I2O3) ^iQ^Tg^bfCo Ot>T*. il 



6hftiE^«*!fiai(fP8 5 0X.-U2 0 iSRMSfiELT. 
->*;l/n-»>A. ^^S^AfcitfTOl/S^AgsipcD 
20 3^;I/hSiJf)A (L i Coi-<MiOj (M = Mg, 
Z r. AD) ©M»*^B£L/i„ 
CO 0 6 7] 

itjVa — Vl* (Z r) cDjgsTjp* GfeftP&il C 
PKJ:t>#«fLTf#SnfclS-C**) *0. 5 0mo 1 
%i:U v^*i^A (Mg) flsipB (^*PS(iM?® 
ft!4lCcfc'5#WLTf#6ft/c:{fiT-&.5) 1 . OOmo 

1 %tu ft>o7^5-fi (a 1 ) <Dmnm (mam 

til C PfCt^^WLTW&nfcffiT**) fro. 0 1 
mo ! %fcfcSJ:5»c£j«£nfcIEffiffi»K*IEffiig1* 
50 Id OfcLfc. IrISHc. ->*;l/n-^A (Z r) O&fld 
B£:0. 5 Omo 1 %t U v A (Mg) <Dj3s 

iPB£ 1 . OOmoUtU A>o7;V~^-)A (A I 
) <DSxfiDfi#3. OOmo 1 %b%:Z£ : ?iC-&l$.2tirc 

mmr£Vam.ziEMr£mn c i 1 tife, 

CO 0 6 8] 

O^T. ±tt<D& 31C ft« * ftfc &IE Ig^lgc 1 0 
, c 1 1 *fliv*T. ±&fc|B|8UciEffi**ft^nft«L 

fc». ±mtmmK$mmmn--xnmc 10, c 1 1 

40 fc©*WfiC 1 OtL. jEHri^Sc 1 i*fl!<,\fct,© 

zmmc 1 1 iibfco cne>os««!jc 10, c 1 1^ 
. tm^m, 2 5TKfiwt-9--r *;i/S*««f* (%) * 
fc. ^43, Tm<om5iat, ±jSLfc«rteA 3. ci. 

CS5] 
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(16) 



200 5-1 29489 



29 



30 



mm 










DSC 

CC) 




2 5°C3l1& 

(%) 


mm 


z 

ft 


r WiM 
(mol%) 


Mgtt 
ft(mol%) 


A 1 8sAP 
ft (mol%) 


(raAh) 


A 3 


0 


5 0 


1 . 


0 0 


0 


18 5 


16 3 5 


9 6 


C 1 


0 


. 5 0 


1 . 


0 0 


0 


. 0 1 


19 1 


16 3 9 


9 7 | 


C 5 


0 


. 5 0 


1 . 


0 0 


3 


. 0 0 


19 3 


16 3 0 


9 7 


CIO 


0 


. 5 0 


1 . 


0 0 


0 


. 0 1 


18 4 


16 3 3 


9 6 


Cll 


0 


. 5 0 


1 . 


0 0 


3 


. 0 0 


18 6 


16 2 9 


9 6 



CO 0 6 9] 

±12* 5 (D&mfrZW idle, Tfos.=-Vi* ( 
A \ ) %tiil$ttiC 0 . 0 imo l%$SHi3. 0 0m 20 

o i %m^tciEWsmmm.c 1 o, c 1 izm^tzmm 

CIO, Cll tCtj^Tti, — >>A (A 1 ) <Dj& 

in»^3. OOmo l%fc#<LTtDSC»!iSig 

[0 0 7 0] 

(2) ^7*is^l±<DQ&mu\C~3^T 
£tc, Z r LMgtA 1 W&tnl£tl1tzi'<ll>hto.Gm 30 
\\M (L i Coi-iMiOi (M = Mg, Z r . A 1 ) ) 

. (CoCOj) ^fiKB^fc^l/zm^A ( 

Zr) t7;^^^A (A 1) ZPiVcZ^Tcik, ctv& 

»<t==J'^l/h (CojOO c<OJ;^(CLT, 
n / h M(Olii^mm t L T vvU => - •> A t T /l> = - •> 

i*ma<Dmmit=3>w\- (cosoo zmMtztt 

tie. yf-^Aa^ttBJKfcfcLTKKy^A (L i 
2CO3) *fl!*Lfc. ov>T-. cft'oSry^'i'Afcn/s *o 

. £e>lc, v^^A^tLT&ffcv^v^A (M 
g o) *in*.Tffl£Lfc. oi^t, i#&tifc«£i%*3& 

^.4>T'8 5 0tT'2 OBfM^fiKLT, ->*;l/n^A. v 
y * i« •> A *5 J; 7 )\> = - >> A ma<D 3 h g V f- * 



A (L i C oi-xMxOi (M = Mg, Zr, Al) ) O 
[0 0 7 1] 

&:}3, v?;l,3^A (Z r) CQj&bnB (^Jm«« I C 
PfC«fctl#ffiLTf§£ftfcffiT-;i&-I>) £0. 50mol 

%tu 7;i/;--)L (ad comum GK&nst* i c 

Ptc^O^LTff^nfcfflT^S) * 1 . OOmol 

%fcU frovnv'fi (Mg) cDSsiraa (gsiaSti 
H?^j4(CJ;0^LTt#e.tircfilT*fe«) #0. 0 

lmo 1 %fc&S«fc5K£l«£nfcIEffi«^lt*mfiB?£ 
%Kd 1 OfcLfco P?«tc. ~>*n>n-^A (Zr) <Dgs 
inB^rO. 5 0mo l%tL, 7;l/$--)A (Al) O 
T&SnllS: 1 . 00mol«iU frO-T^v^A (M 
g) 0^iD«*^3. OOmo 1 %ttf.%> SlUZtl 
fcIEffii§ftH*IEffi?S»Kd 1 1 £L/Co 

[0 0 7 2] 

Ol^T. ±i£OJ:7»cf^«*nfc»jEffi»%lKd 1 0 

, d 1 l^ffl^t, ±.fttmmciE®* : tti : eri<)-?: 
k'ik, ±mtmmiammmm-AnmD 1 o, un 

t<0?:fiD 1 OtU DE8w£$>gd 1 1 *m^tct><D 

zmmu 1 1 tufco cne^ttiifiD 1 o, d 1 1 £ 
ra^x. ±fttmmttmc&r>, DscMteigfi 
. ww&s, 2 5°c^m^^^j^mmnm (%) 

fco fc*5. TI2cO*6{C{±, ±a?L/ctt?teB 3, Dl. 
D 5£D^mtW-ti:TSLTl/^c 
[*6] 
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(17) 
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32 



mm 










DSC 




2 s°c%m. 
\ (%) 


mm 


Z 
ft 


r #sAn 

(mol%) 


M g WtM 
4(mol%) 


a i Wiia 

ft(mol%) 


(t) 


(mAh) 


B 3 


0 


. 5 0 


0 


1 . 


0 0 


18 8 


16 3 4 


9 2 


D 1 


0 


. 5 0 


0 . 


0 1 


1 . 


0 0 


19 1 


16 3 6 


9 6 


D 5 


0 


. 5 0 


3 . 


0 0 


1 . 


0 0 


19 4 


16 3 5 


9 6 


D10 


0 


. 5 0 


0. 


0 1 


1 . 


0 0 


18 8 


16 3 4 


9 2 


Dll 


0 


. 5 0 


3. 


0 0 


1 . 


0 0 


18 9 


16 3 2 


9 3 



[0 0 7 3] 

Mg) ^bE^p(CO. Olmo l%$§Wi3. 0 0m 20 
o 1 %^inbfc:iE<lS^Hd 10, dll Zm^tcMm 
D 1 0. Dll icmvrii, vy^i/^A (Mg) ©gx 
*JPfitf3. 0 Omo 1 %t&< UtD S CR&Mtea 
&<0±mcWmt*1tomi)Wtbe>tli3:^£tt>lc. 30 0 

fclPLtLfc^C £<D££frC>, 

a (Mg) (Dmmiczzftfe&mwmi, xizmnLtc 
m& ic ts i •> r <d &m e n 3 & <d t* $> 3 t n a. e n 3 0 
Co 0 7 4] 

(3) ^n-^A^ttSsiPtco^T 30 
2 Z r tMg £ A I tfgsiWSftfcra/Whtg^ 
&ft$l (L 1C01-1M1O2 (M = M g , Z r. A l ) 

T-, KBiaM;!/ h- (CoCOO ^■fig^icvy*->'i7^ 
(Mg) i:7;l/~^A (a I) £«fct£-t>-*:'(£, cn 

* j»#»r jek «t 0 v v% *s a £ tjiz - * h.mm 

.eHffitftHnvS/l/h (C03OO Zmtio C(D<k3(CbT 

^Arfeboora&ftHn/^i/h (CosOi) ^fflSf-TSi: 
fcfetC, 'Jf-^AWOtflKKHfcLTBJttyf-^A (L 40 
12CO3) ZmMLfco -D^T. cneSrU^At n 
^;l/hO^HtAM : Heft* J; SlcffS LTig^Lfc 

ZrOj) £ta*Trl£Lfc 0 Ol^T'. t#e.nfciS#«) 
^S^cpTS 5 0tT'2 0^Wfi£Lt, — *A 



3^ A (L i C o i-« Mi O2 (M = Z r , Mg, A 1 ) 
[0 0 7 5] 

tits, (Mg) cojfe&na (SAnStilS? 

®^7*{C<t»9«-*rLTf#e>nrcfiiT'^-5) * 1 . 00m 

0 1 %tL, T;U~^A (A 1) co^jpa (^*pa« 

1 C Pfc<kO»«fLT»6nfcffi-p**) £ 1 . 00m 

0 I %fcU 7b^O->*;Un-->A (Z r) OgxiP* (gsira 
Btt I C PKJ; 0»*f LT'fiGnfcfiiT'^S) #0. 0 

1 mo 1 %k&z£?ic£i&ztirciEMmvBn*iEMm 

tlSe 1 i:Lfco mmiC, TifitisVL. (Mg) (Dj&ta 
fi^-1. OOmol %tL, T^S-^A (A 1 ) «Dgs 
iPS* 1 . 0 0mol%tL, *>o^;l/ar.»>A (Z r 
) OSsiOfifcM . OOmo I % bti&k? l£-al8.c£tlf£ 

CO 0 7 6] 

, ±m tmmc^mmn.- AmmE 1 . E2^ien^" 

tlftSLft. iEfiifitelHe 1 ^rm^>/ct,£0^r«it6 

E 1 tU EffijS^lH e 2 ^rffli^fc&O^ErHfte E 2 £: L 
fco cn6©SSI6El, E2^i^T, ±S$£|3|8I£ 

ftmcjio. r> s cKmmteum, wmnm. 2 5tjt 

»«-9--i'i';V'S»«H$* (%) £r^neftj£i63i:, T 
I5tOg7{c^-r«t *Zt5, Tie«Dg7 

tCli, ±asUfc«J6Z. C7, C8©tt*t«f*TSL 

C3S7] 
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mm 
mm 




DSC 

CC) 


(mA h) 


2 

(%) 


Z r «n 

B\ VhIO 130/ 


M g fisfiQ 


A 1 mi® 


z 


U 


1 DO 


i on 

J. • KJ KJ 


19 2 


16 3 5 


9 0 


C 7 


0 0 1 


1 0 0 


1 0 0 


19 3 


16 3 7 


9 6 


C 8 


1 . 0 0 


1 . 0 0 


1 . 0 0 


19 2 


16 3 5 


9 7 


E 1 


0.0 1 


1.00 


1 . 0 0 


19 2 


16 3 5 


9 0 


E 2 


1 . 0 0 


1 . 0 0 


1 . 0 0 


19 2 


16 3 3 


9 1 



CO 0 7 7] 

±ie«7<D*§llfr£BB5*vS:«fc3fC. *^3-9i ( 
Zr) *M^flC0. Olmo l%6SHil. 0 0m 20 
o 1 %8siraLfcIE«i?S«5lle 1 . e 2^rfflV>fc«?ttE 1 

. e 2 icfs^xit, 3ooy--4 ?Mk<r>®mmwm (7e 

C<D£tfr<b. *J)V^-*?1* (Zr) 0^fiPKl<t5^14 
[0 0 7 8] 

tlhOCt*^, S^U=i-«>A (Zr) 
KttLTO. 0 l^%«±T'l. 0 0^1/%OT, v 
y*->^A (Mg) ^rru^HBlcttLTO. o l ^r;l/ 30 
%J-X±T*3. O0t;l/%WT, TVI/S^A (Al) 4 
3/^l/hMlcWLT0. 0 1*;1/%W±T3. 0 0t;l/ 
%WT^I§]^{cftct(c«k , 3^J!io-r-5iii:{c«tti, S«fg 

§»H£ <fc tf ££ttte*jt J**" S c <t rJS£ i: & & 

CO 0 7 9] 

8. ->*;ba-^A (Z r) Jcttfb£>g«7t?||cDi3sj!jpov> 
T 

±i$L7c#IJtC*i^-n;J:. (L i C 40 

0O2) (cSiTtittT^n-'JA (Zr) t^? 
^isVL. (Mg) fcSWiTyl/S^ (A !) *mut 
Sfi&Hco^TfcftLfctf. CCfli^l/ax^A (z r 
) K«to*fft<oS«7cJRi: LT^*> (T i) *maL 

fcf, Bfissn/^uh (C0SO4) ®imcpftmm<D 
8am?-5t> (t i (S04) 2) tissv^j/'jA (m 

gS04) (a&SWiBK&T/l/^-^A (AI2 (S04 
) 3) ) Zffi1jaLtc'<£, m&im-f- HJ^A (NaHC 



03) 3ri>Px.3C i:lc«fcoT, J^^n/^l/h (Co CO 
3) Sfimicm-y (T i) i?n->-5A 

y^v-^A (&£^«t;1/5-t>a) A^in^nfcESK 

ftHn-'Vl/b (C03O4) ^rftrc 
CO 0 8 0] 

U^A^Otflfgll&tLTl^eEU^A ( 
L 12CO3) £fflj£L/c&, yfJAfcn^.KDW 

L fc&, W P. tltc ffi^tofca*** T*8 5 0 *CT? 
2 0B#R8j&fi)tLT. ^^fcvy^v-^A (^5i>ti7 

( L i Coi-iMiO] (M=T i , Mg o r 
AD) ©«El*f**dJ*L;fc. COft, ^L/ciM 
fcTiSffiS** 1 0 /im^^:5$T'^LTIEfiB?g^Ki: 
L/co Cdtl^", (T i) fciO'vW^'JA ( 

feSWiTyl/S— 9A) <Dj3sJjp« (&fc\ jfebpffii* I ' 

Omo 1 %*5J;0 T 1 . 0 Omo 1 %{C&3«fc 5 Jc£-fi!cU 
, cn^rlEfiB^Hw 1 , w2tlfc, 
CO 0 8 1 ] 

Jc|^K«ft?K-^:«?aw l (EffiSfeHw l fcffl^fcfc 
<D) , W2 CiEliig»Kw2*B!^fct><D) Sr^n-Tn 
ftKLfc„ Ctie.<Ott?tbW I , W2*ffl^T, ±&tWi 
«ft2FSfc«fc?>. DSCR9%M*MB£. Hffi 

1466. 2 5°c?t)tett-9--i'^;u§ft*i^ (%) fc^tflg 

C«8] 



-18- 



35 
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36 



mm 




DSC 

CO 


(m A h) 


am 

(%) 


2 5^^ 
(%) 




7 r CD 

\iUU I 70/ 


T i CO 
(mo1%) 


(mo 190 


A 1 CO 
(mol%) 


A 3 


0 5 0 


ft L 


1.00 


ft u 


18 5 


16 3 4 


9 5 


9 6 


ft L 


W 1 


ft L 


0.5 0 


1.00 


ft L 


17 4 


16 3 4 


9 4 


9 2 


ft L 


B 3 


0.5 0 


* t 


ft L 


1.00 


18 8 


16 3 4 


9 7 


9 2 


ft L 


W 2 


ft L 


0.5 0 


ft L 


1.00 


1 7 6 


16 3 5 


9 7 


9 0 


ftb 



[0 0 8 2] 

±K«8<D^*^e»B^P.A^J;^{c, ->*;l/3-^A ( 
Z r) tCtt*.T i ? L £> (T i) ^ttlfc^, l^tSi 
JolT'SoTt. D S CRftftlM&S&tf 1 OtJ-^LLkfg 20 
TU^SCfcAWS. ecocide,, n/^l/ h BE U 
^AKgffl^tifti: LT^*> (Ti) 

t>l± (Zr) fcV?"*v"*A GfcSVHiT'n/S^'i'A) 

*iSftp Lfc**««bjii we** c t o i&s-rsi: 

2f*->*A (&3Wi7rt'5.=^A) £8xiHrf SSS 

mtteZo 30 

[0 0 8 3] 

(CoCOj) ^figUffCi^zJ- h,A (Zr) fcv?"* 
->t7A (Mg) Sfc«/*5«J:Cf7';l/5^'>A (A I) £ 

©ta«K» ^ LTO^;l/zi^ ■> A t V $f* -> * A 3; fctt 

/ti^tmi/s-^A (a 1) wmnaiiT.rctawititE.zi 



^jvy- (C03O4) %mz>mic^>^TmwLrctf, ?i<m 
{t=i/vib (Co (oh) 2) -e>fm\z*j)\,zi-*?L. ( 

Zr) tvy^v-^i* (Mg) zrcit/isixfTfrs.— 

■>a (a 1) *«a:«-e-fc», cne^»ft?siSfcj: 

*^Af:fc{i/:fc,fctf7';l/= ~<>A (A I) Tb^iP^T 
tifcHBHtHa^l/h (C03O4) ^rffSi^fcLTt 

[0 0 8 4] 

im 1 ] EJ®0?t«ffl|g£:jr;-f 0T£3o 

[0 2] ^fgiHolbkttftPKtttfiosaraig^ftfc^ 

[0 0 8 5] 

1 o-^Hmmmmm, 1 i-ies. i 1 a-mno— 

K, 1 2-ft«, 1 2 a-aSU-K. 13 -b^l/- 
I 4 -MIRK. I (ftifllf) , 16 - 

1 6 a- ■TEm^^^y GEffiJS^F) , 16b- 



St*. 1 7-#X*y b, 
9-PTCi? 



1 8 -"««tt9PttK£tfi. 1 
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[0 1] m2i 




1 00 1 25 

eft(mAh/g) 



(72) RUB* 5EB fail 

*REJ»^Prf!«RS*ji2TB5S5^ =f¥*ttH*«Sttrt 

F 5H029 AJ02 AJ03 AJ05 AJ12 AK03 AL07 AM03 AM05 AM07 BJ02 

BJ14 CJ02 CJ08 CJ11 CJ28 DJ16 DJ17 HJ01 HJ02 HJ13 

HJ19 

5H050 AA02 AA05 AA07 AA08 AA15 BA17 CA08 CB08 DA02 FA05 

FA17 FA19 GA02 GA10 GA11 GA27 HA01 HA02 HA13 HA19 
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